
Aviation  
Stormwater 
Design 
Manual: 
Managing Wildlife Hazards 
Near Airports  

M ##-## 

October 2008 

 

 

 

 

Environmental and Engineering Service Center 

 

Peter Carr
To be assigned by WSDOT





 

 

 

Persons with disabilities may request this information be prepared 
and supplied in alternate formats by calling the Washington State 
Department of Transportation Americans with Disabilities Act 
(ADA) Accommodation Hotline collect 206-389-2839.  Persons 
with hearing impairments may access the Washington State 
Telecommunications Relay Service (TTY) at 1-800-833-6388, or 
Tele-Braille at 1-800-833-6385, or Voice at 1-800-833-6384, and 
ask to be connected to 360-705-7097. 





 

The following statement is provided as required by Paragraph 429.a of Federal Aviation 
Administration (FAA) Order 5100.38, Airport Improvement Program (AIP) Handbook:   

The preparation of this document was financed in part through a planning grant (AIP 3-53-0000-
05) from the FAA as provided under Section 505 of the Airport and Airway Improvement Act of 
1982.  The contents do not necessarily reflect the official views or policy of the FAA.  
Acceptance of this report by the FAA does not in any way constitute a commitment on the part 
of the United States to participate in any development depicted therein; nor does it indicate that 
the proposed development is environmentally acceptable in accordance with appropriate public 
laws.  In addition, this report was also partially funded by grants from Washington State.  The 
report was developed through a joint effort with the Washington State Department of 
Transportation (WSDOT) Aviation Division and Environmental Services Office.  

 

 

 

 

 

 

 

 

 

 

Note: 

Some pages in this document have been intentionally skipped or blank pages inserted to 
ensure correct pagination and printing. 





  

Table of Contents 

Acknowledgements ...................................................................................................................... xiii 

Executive Summary .......................................................................................................................xv 

Chapter 1.  Introduction .............................................................................................................. 1-1 
1-1.  Purpose of This Manual ............................................................................................ 1-1 
1-2.  How to Use This Manual .......................................................................................... 1-1 
1-3.  Basis for Manual Development ................................................................................ 1-3 

1-3.1.  Scope of Manual ......................................................................................... 1-3 
1-3.2.  Airport Regulatory Issues ........................................................................... 1-4 
1-3.3.  Overview of Federal and State Regulations Related to Stormwater 

Management at Airports .............................................................................. 1-4 
Federal Aviation Regulations ..................................................................... 1-5 
Clean Water Act, Section 404 Permits: Permit for Discharge of 

Dredge or Fill Material ......................................................................... 1-5 
Clean Water Act, Section 401 Water Quality Certifications ...................... 1-5 
Clean Water Act, Section 402: National Pollutant Discharge 

Elimination System Permit ................................................................... 1-6 
Endangered Species Act ............................................................................. 1-6 
Bald and Golden Eagle Protection Act ....................................................... 1-7 
Washington Growth Management Act ....................................................... 1-7 
Underground Injection Control Regulation ................................................ 1-7 
Sole Source Aquifer .................................................................................... 1-8 

1-3.4.  Relationship of this Manual to Other Stormwater Programs ...................... 1-9 
Minimum Requirements/Core Elements .................................................... 1-9 
Other Manuals and Permit Documents ..................................................... 1-10 

Chapter 2.  Airport Operations and Stormwater ....................................................................... 2-13 
2-1.  Airport Operation Zones and Restrictions .............................................................. 2-13 

2-1.1.  Description of Airport Operation Zones and Guidelines .......................... 2-13 
Restrictions on Off-Airport Land ............................................................. 2-14 
Airspace Restrictions ................................................................................ 2-14 

2-1.2.  Stormwater Facility Restrictions ............................................................... 2-15 
2-2.  General Airport Stormwater Considerations .......................................................... 2-19 

2-2.1.  Safety and Emergency Access .................................................................. 2-19 
2-2.2.  Maintenance .............................................................................................. 2-19 
2-2.3.  Target Pollutants ....................................................................................... 2-19 
2-2.4.  Community Planning ................................................................................ 2-19 

Chapter 3.  Stormwater and Wildlife Planning ........................................................................... 3-1 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual Page i 
October 2008 



Table of Contents 

3-1.  Identifying and Monitoring Species of Concern ...................................................... 3-1 
3-1.1.  Wildlife Monitoring .................................................................................... 3-2 
3-1.2.  Wildlife of Concern .................................................................................... 3-3 

Waterfowl ................................................................................................... 3-3 
Raptors ........................................................................................................ 3-4 
Doves and Pigeons ...................................................................................... 3-4 
Cranes ......................................................................................................... 3-5 
Herons ......................................................................................................... 3-5 
Shorebirds ................................................................................................... 3-5 
Crows/Ravens ............................................................................................. 3-6 
Other Small Birds ....................................................................................... 3-6 
Deer ............................................................................................................. 3-6 
Coyotes ....................................................................................................... 3-6 

3-2.  Site Planning and Layout Considerations ................................................................. 3-7 
3-2.1.  Existing Habitat ........................................................................................... 3-7 
3-2.2.  Low Impact Development ........................................................................... 3-7 
3-2.3.  Urban Encroachment ................................................................................... 3-8 

3-3.  General BMP Design Considerations ....................................................................... 3-8 
3-3.1.  Vegetation Considerations .......................................................................... 3-9 
3-3.2.  Structural Considerations .......................................................................... 3-10 
3-3.3.  Adaptive Management at Airports ............................................................ 3-11 

3-4.  Adaptive Stormwater Facility Design .................................................................... 3-11 
3-4.1.  Customizing the Design of Stormwater BMPs for Specific Species of 

Concern ..................................................................................................... 3-11 
3-4.2.  Adaptive Management of Open Water Areas ........................................... 3-12 

Habitat Suitability Reduction.................................................................... 3-13 
Open Water Covers ................................................................................... 3-15 
Open Water Access Control ..................................................................... 3-17 

Chapter 4.  Best Management Practice (BMP)  Selection Process ........................................... 4-21 
4-1.  Flow Control Requirements .................................................................................... 4-21 
4-2.  Treatment Targets ................................................................................................... 4-21 
4-3.  Source Control BMPs ............................................................................................. 4-22 
4-4.  Selection Process for Flow Control BMPs ............................................................. 4-22 

4-4.1.  Step 1:  Determine if Site Conditions are Appropriate for Dispersion 
and/or Infiltration ...................................................................................... 4-25 

4-4.2.  Step 1A:  Select Infiltration/Dispersion BMP ........................................... 4-25 
4-4.3.  Step 2:  Identify Regional Facility ............................................................ 4-26 
4-4.4.  Step 2A:  Determine Feasibility of Regional Facility ............................... 4-26 
4-4.5.  Step 3:  Determine Feasibility of Detention Pond .................................... 4-26 
4-4.6.  Step 4A:  Determine Feasibility of Detention Vault or Tank ................... 4-27 
4-4.7.  Step 4B:  Emerging Technologies ............................................................ 4-27 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page ii Aviation Stormwater Design Manual 
October 2008 



Table of Contents 

4-4.8.  Step 4C:  Consider Demonstrative Approach ........................................... 4-27 
4-4.9.  Step 5:  Implement Selected Flow Control BMPs .................................... 4-28 

4-5.  Selection Process for Runoff Treatment BMPs ...................................................... 4-28 
4-5.1.  Step 1:  Flow Control Result ..................................................................... 4-28 
4-5.2.  Step 1A:  Dispersion BMPs ...................................................................... 4-31 
4-5.3.  Step 1B:  Select Pretreatment BMPs ......................................................... 4-31 
4-5.4.  Step 1C:  Infiltration BMPs ...................................................................... 4-31 
4-5.5.  Step 2:  Receiving Waters ......................................................................... 4-31 
4-5.6.  Step 3:  Determine Whether Oil Control is Needed .................................. 4-31 
4-5.7.  Step 3A:  Oil Control BMPs ..................................................................... 4-32 
4-5.8.  Step 4:  Determine Whether Phosphorus Control is Needed .................... 4-32 
4-5.9.  Step 4A:  Phosphorus Control BMPs ........................................................ 4-32 
4-5.10.  Step 5:  Determine Whether Enhanced Treatment is Needed ................... 4-32 
4-5.11.  Step 5A:  Enhanced Treatment BMPs ...................................................... 4-33 
4-5.12.  Step 6:  Basic Treatment BMPs ................................................................ 4-33 
4-5.13.  Step 7:  Underground Facilities ................................................................ 4-34 
4-5.14.  Step 8:  Emerging Technologies ............................................................... 4-34 
4-5.15.  Step 9:  Consider Demonstrative Approach .............................................. 4-34 
4-5.16.  Step 10:  Implement Selected Runoff Treatment BMPs ........................... 4-35 

Chapter 5.  Hydrologic Considerations for Airports ................................................................... 5-1 
5-1.  Airport-specific Hydrologic Design Considerations ................................................ 5-1 
5-2.  Methods of Analysis ................................................................................................. 5-2 

5-2.1.  Western Washington ................................................................................... 5-3 
Runoff Treatment and Flow Control BMPs Other Than Wet Pool 

Treatment Facilities .............................................................................. 5-3 
Wet Pool Facilities ...................................................................................... 5-3 

5-2.2.  Eastern Washington .................................................................................... 5-4 
Runoff Treatment Facilities ........................................................................ 5-4 
Flow Control Facilities ............................................................................... 5-4 
Eastern Washington Design Storm Events ................................................. 5-4 

5-3.  Infiltration Design Guidance .................................................................................... 5-5 
5-3.1.  Site Suitability Criteria (SSC) ..................................................................... 5-6 

SSC 1 – Setback Requirements .................................................................. 5-6 
SSC 2 – Groundwater Protection Areas ..................................................... 5-7 
SSC 3 – High Vehicle Traffic Areas .......................................................... 5-7 
SSC 4 – Soil Infiltration Rate ..................................................................... 5-8 
SSC 5 – Depth to Bedrock, Water Table, or Impermeable Layer .............. 5-9 
SSC 6 – Soil Physical and Chemical Suitability for Treatment ................. 5-9 
SSC 7 – Seepage Analysis and Control .................................................... 5-10 
SSC 8 – Cold Climate and Impact of Deicers .......................................... 5-10 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual  Page iii 
October 2008 



Table of Contents 

SSC 9 – Verification Testing of the Completed Facility .......................... 5-10 
5-3.2.  Simplified Approach to Determining Infiltration Rates (Western 

Washington) .............................................................................................. 5-11 
5-3.3.  Detailed Approach to Determining Infiltration Rates (Western 

Washington) .............................................................................................. 5-11 
5-3.4.  Design Infiltration Rate Determination (Eastern Washington) ................. 5-21 

5-4.  General BMP Design Guidelines ............................................................................ 5-22 
5-4.1.  Infiltration Facilities .................................................................................. 5-22 

Design Criteria – Sizing Facilities (Western Washington) ....................... 5-22 
Additional Design Criteria ....................................................................... 5-23 
Design Criteria – Sizing Facilities (Eastern Washington) ........................ 5-23 
Construction Criteria................................................................................. 5-26 
Maintenance Criteria ................................................................................ 5-26 
Verification of Performance ..................................................................... 5-26 

5-4.2.  Design of Compost-Amended Vegetated Filter Strips ............................. 5-27 
Determining Infiltration Rates for Soil Amendment BMPs ..................... 5-27 
Design Procedure for Compost-Amended Vegetated Filter Strips 

(CAVFS) for Western Washington..................................................... 5-29 
5-4.3.  Design Procedures for Volume-Based Runoff Treatment BMPs ............. 5-31 

Chapter 6.  Stormwater BMP Design, Operations and Maintenance .......................................... 6-1 
6-1.  BMPs for Stormwater Source Control ...................................................................... 6-1 
6-2.  BMP Design Criteria ................................................................................................ 6-1 

6-2.1.  AR.01 – Natural Dispersion ........................................................................ 6-3 
Introduction ................................................................................................. 6-3 
Site Design Elements .................................................................................. 6-5 

6-2.2.  AR.02 – Engineered Dispersion ................................................................ 6-13 
Introduction ............................................................................................... 6-13 
Design Flow Elements .............................................................................. 6-14 
Structural Design Considerations ............................................................. 6-15 
Site Design Elements ................................................................................ 6-15 

6-2.3.  AR.03 – Bioinfiltration Pond (Eastern Washington Only) ....................... 6-23 
Introduction ............................................................................................... 6-23 
Design Flow Elements .............................................................................. 6-26 
Structural Design Considerations ............................................................. 6-26 
Site Design Elements ................................................................................ 6-27 
Site Design Elements ................................................................................ 6-27 

6-2.4.  AR.04 – Infiltration Pond .......................................................................... 6-31 
Introduction ............................................................................................... 6-31 
Design Flow Elements .............................................................................. 6-33 
Structural Design Considerations ............................................................. 6-35 
Groundwater Issues................................................................................... 6-35 
Runoff Treatment ...................................................................................... 6-36 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page iv Aviation Stormwater Design Manual 
October 2008 



Table of Contents 

Site Design Elements ................................................................................ 6-36 
6-2.5.  AR.05 – Infiltration Trench ...................................................................... 6-41 

Introduction ............................................................................................... 6-42 
Design Flow Elements .............................................................................. 6-42 
Structural Design Considerations ............................................................. 6-48 
Groundwater Issues................................................................................... 6-49 
Site Design Elements ................................................................................ 6-49 

6-2.6.  AR.06 – Infiltration Vault ......................................................................... 6-53 
Introduction ............................................................................................... 6-53 
Design Flow Elements .............................................................................. 6-54 
Structural Design Considerations ............................................................. 6-55 
Groundwater Issues................................................................................... 6-57 

6-2.7.  AR.07 – Drywell ....................................................................................... 6-59 
Introduction ............................................................................................... 6-59 
Design Flow Elements .............................................................................. 6-60 
Structural Design Considerations ............................................................. 6-61 
Groundwater Issues................................................................................... 6-61 
Site Design Elements ................................................................................ 6-62 

6-2.8.  AR.08 – Permeable Pavement Surfaces .................................................... 6-63 
Introduction ............................................................................................... 6-64 
General Design Criteria ............................................................................ 6-67 
Design Flow Elements .............................................................................. 6-68 
Facility Design Considerations ................................................................. 6-70 

6-2.9.  AR.09 – Detention Pond ........................................................................... 6-77 
Introduction ............................................................................................... 6-77 
Design Flow Elements .............................................................................. 6-80 
Structural Design Considerations ............................................................. 6-86 
Groundwater Issues................................................................................... 6-90 
Site Design Elements ................................................................................ 6-90 

6-2.10.  AR.10 – Detention Vault .......................................................................... 6-93 
Introduction ............................................................................................... 6-93 
Design Flow Elements .............................................................................. 6-95 
Structural Design Considerations ............................................................. 6-96 
Groundwater Issues................................................................................... 6-96 
Site Design Elements ................................................................................ 6-97 

6-2.11.  AR.11 – Detention Tank ........................................................................... 6-99 
Introduction ............................................................................................... 6-99 
Design Flow Elements .............................................................................. 6-99 
Structural Design Considerations ........................................................... 6-101 
Groundwater Issues................................................................................. 6-103 
Site Design Elements .............................................................................. 6-103 

6-2.12.  AR.12 – Vegetated Filter Strip ............................................................... 6-105 
Introduction ............................................................................................. 6-105 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual  Page v 
October 2008 



Table of Contents 

Design Flow Elements ............................................................................ 6-110 
Structural Design Considerations ........................................................... 6-110 

6-2.13.  AR.13 – Biofiltration Swale .................................................................... 6-119 
Introduction ............................................................................................. 6-119 
Design Flow Elements ............................................................................ 6-122 
Structural Design Considerations ........................................................... 6-122 
Site Design Elements .............................................................................. 6-134 

6-2.14.  AR.14 – Media Filter Drain (previously referred to as the Ecology 
Embankment) .......................................................................................... 6-137 
Introduction ............................................................................................. 6-137 
Design Flow Elements ............................................................................ 6-147 
Structural Design Considerations ........................................................... 6-147 
Site Design Elements .............................................................................. 6-152 

6-2.15.  AR.15 – Linear Sand Filter ..................................................................... 6-153 
Introduction ............................................................................................. 6-153 
Design Flow Elements ............................................................................ 6-155 
Structural Design Considerations ........................................................... 6-155 
Site Design Elements .............................................................................. 6-156 

6-2.16.  AR.16 – Sand Filter Basin ...................................................................... 6-157 
Introduction ............................................................................................. 6-157 
Design Flow Elements ............................................................................ 6-161 
Structural Design Considerations ........................................................... 6-164 
Site Design Elements .............................................................................. 6-169 

6-2.17.  AR.17 – Sand Filter Vault ....................................................................... 6-171 
Introduction ............................................................................................. 6-171 
Design Flow Elements ............................................................................ 6-174 
Structural Design Considerations ........................................................... 6-175 
Site Design Elements .............................................................................. 6-176 

6-2.18.  AR.18 – Amended Sand Filters .............................................................. 6-177 
Introduction ............................................................................................. 6-177 
Design Flow Elements ............................................................................ 6-177 
Structural Design Considerations ........................................................... 6-178 

6-2.19.  AR.19 – Media Filters ............................................................................. 6-181 
Introduction ............................................................................................. 6-181 

6-2.20.  AR.20 – Submerged Gravel Biofilter ..................................................... 6-183 
Introduction ............................................................................................. 6-183 
Design Flow Elements ............................................................................ 6-184 
Structural Design Considerations ........................................................... 6-186 
Site Design Elements .............................................................................. 6-191 

6-2.21.  AR.21 – Baffle-Type (API) Oil/Water Separator ................................... 6-193 
Introduction ............................................................................................. 6-193 
Design Flow Elements ............................................................................ 6-197 
Structural Design Considerations ........................................................... 6-197 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page vi Aviation Stormwater Design Manual 
October 2008 



Table of Contents 

Site Design Elements .............................................................................. 6-201 
6-2.22.  AR.22 – Coalescing Plate Oil/Water Separator ...................................... 6-203 

Introduction ............................................................................................. 6-203 
Design Flow Elements ............................................................................ 6-205 
Structural Design Considerations ........................................................... 6-206 
Site Design Elements .............................................................................. 6-208 

6-2.23.  AR.23 – Wet Vault .................................................................................. 6-211 
Introduction ............................................................................................. 6-211 
Design Flow Elements ............................................................................ 6-211 
Structural Design Considerations ........................................................... 6-213 
Site Design Elements .............................................................................. 6-216 

6-2.24.  AR.24 – Combined Wet/Detention Vault ............................................... 6-217 
Introduction ............................................................................................. 6-217 
Design Flow Elements ............................................................................ 6-217 
Structural Design Considerations ........................................................... 6-218 
Groundwater Issues................................................................................. 6-218 
Site Design Elements .............................................................................. 6-219 

6-2.25.  AR.25 – Treatment Train Approach ....................................................... 6-221 
Vegetated Filter Strip (AR.12) / Linear Sand Filter (AR.15) ................. 6-222 
Biofiltration Swale (AR.13) / Linear Sand Filter (AR.15) ..................... 6-223 

6-3.  Operations and Maintenance ................................................................................ 6-225 
References   ..................................................................................................................................R-1 

Glossary of Terms ....................................................................................................................... G-1 
 
Appendix A Vegetation Recommendations for Airport Settings 
Appendix B Detention and Infiltration Pond Design Analyses–Technical Documentation 

(Parametrix Technical Memorandum) 
 
 
 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual  Page vii 
October 2008 



Table of Contents 

Tables 

Table 1-1.  New Facility .................................................................................................... 1-2 

Table 1-2.  Existing Facility, Hazardous Wildlife Issues .................................................. 1-2 

Table 1-3.  Existing Facility, No Wildlife Issues .............................................................. 1-3 

Table 5-1.  Criteria for sizing runoff treatment facilities in western Washington. ........... 5-2 

Table 5-2.  Criteria for sizing runoff treatment facilities in eastern Washington. ............. 5-3 

Table 5-3.  Infiltration rate reduction factors to account for biofouling and siltation 
effects for ponds. ........................................................................................... 5-20 

Table 5-4.  Presumptive infiltration rates based on USDA soil classification ................ 5-22 

Table AR.08.1.  Permeable surface application matrix. .......................................................... 6-69 

Table AR.12.1.  Surface roughness/Manning’s n for vegetated filter strip design 
calculations. ................................................................................................. 6-112 

Table AR.13.1.  Biofiltration swale design criteria. .............................................................. 6-123 

Table AR.13.2.  Flow resistance coefficient in basic and continuous inflow biofiltration 
swales. ......................................................................................................... 6-123 

Table AR.14.1.  Design widths for media filter drains. ......................................................... 6-150 

Table AR.14.2.  MFD mix. .................................................................................................... 6-151 

Table AR.16.1.  Sand medium specification. ........................................................................ 6-168 

Table AR.20-1.  Typical media characteristics for submerged gravel biofilters. .................. 6-190 

Table AR.25.1  Treatment train combinations for phosphorus removal. ............................. 6-221 

Table AR.25.2  Treatment train combinations for dissolved metals removal (enhanced 
treatment). ................................................................................................... 6-222 

Table 6-1.  Maintenance standards for BMPs AR.01 (Natural Dispersion), AR.02 
(Engineered Dispersion), and AR.12 (Vegetated Filter Strip). ................... 6-225 

Table 6-2.  Maintenance standards for Infiltration BMPs:  AR.03 (Bioinfiltration 
Pond); AR.04 (Infiltration Pond); AR.05 (Infiltration Trench); AR.09 
(Detention Pond); AR.06 (Infiltration Vault); AR.07 (Dry Well). ............. 6-226 

Table 6-3.  Maintenance standards for BMP AR.08 (Permeable Pavement). ............... 6-229 

Table 6-4.  Maintenance standards for closed detention and wet vault system 
BMPs:  AR.10 (Detention Vault), AR.11 (Detention Tank), AR.23 
(Wet Vault), and AR.24 (Combined Wet Vault/Detention Vault).............. 6-230 

Table 6-5.  Maintenance standards for BMP AR.13 (Biofiltration Swale). .................. 6-231 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page viii Aviation Stormwater Design Manual 
October 2008 



Table of Contents 

Table 6-6.  Maintenance standards for BMP AR.14 (Media Filter Drain). ................... 6-232 

Table 6-7.  Maintenance standards for above-ground sand filter BMPs:  AR.15 
(Linear Sand Filter) and AR.16 (Sand Filter Basin). .................................. 6-233 

Table 6-8.  Maintenance standards for below-ground sand filter BMP:  AR 17 
(Sand Filter Vault). ..................................................................................... 6-234 

Table 6-9.  Maintenance standards for BMP AR.21 (API Oil/Water Separator). ......... 6-235 

Table 6-10.  Maintenance standards for BMP AR.22 (Coalescing Plate Separator)....... 6-236 

 
 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual  Page ix 
October 2008 



Table of Contents 

Figures 

Figure 2-1.  Stormwater Facility Restrictions within Airport Operation Zones. .............. 2-17 

Figure 4-1.  Flow Control BMP Selection Process for Airport Projects. ......................... 4-23 

Figure 4-2.  Selection Process for Runoff Treatment BMPs for Airport Projects. ........... 4-29 

Figure 5-1.  Engineering design steps for final design of infiltration facilities using 
the continuous hydrograph method (western Washington). ......................... 5-12 

Figure 5-2.  Engineering design steps for final design of infiltration facilities using 
the single hydrograph method (eastern Washington). ................................... 5-13 

Figure 5-3.  Determining the infiltration rate of soil amendments. .................................. 5-28 

Figure 5-4.  Flow-through CAVFS as simulated using Darcy’s Equation. ...................... 5-30 

Figure AR.01.1.  Natural dispersion area. ................................................................................... 6-7 

Figure AR.02.1.  Engineered dispersion area. .......................................................................... 6-17 

Figure AR.03.1.  Bioinfiltration pond. ...................................................................................... 6-24 

Figure AR.04.1.  Infiltration pond. ........................................................................................... 6-32 

Figure AR.05.1.  Parking lot perimeter trench design. ............................................................. 6-43 

Figure AR.05.2.  Infiltration trench system. ............................................................................. 6-44 

Figure AR.05.3.  Median strip trench design. ........................................................................... 6-45 

Figure AR.05.4.  Oversize pipe trench design. ......................................................................... 6-46 

Figure AR.05.5.  Underground trench and oil/grit chamber. .................................................... 6-47 

Figure AR.05.6.  Observation well detail. ................................................................................ 6-50 

Figure AR.06.1.  Infiltration vault constructed with corrugated pipe. ...................................... 6-56 

Figure AR.08.1.  Permeable pavement surface detail. .............................................................. 6-71 

Figure AR.09.1.  Detention pond. ............................................................................................. 6-78 

Figure AR.09.2.  Detention pond: cross sections. ..................................................................... 6-79 

Figure AR.09.3.  Overflow spillway cross section. .................................................................. 6-85 

Figure AR.10.1.  Detention vault. ............................................................................................. 6-94 

Figure AR.11.1.  Detention tank. ............................................................................................ 6-100 

Figure AR.11.2.  Detention tank access riser detail. ............................................................... 6-102 

Figure AR.12.1.  Typical vegetated filter strip. ...................................................................... 6-106 

Figure AR.12.2.  Narrow area vegetated filter strip design graph. ......................................... 6-116 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page x Aviation Stormwater Design Manual 
October 2008 



Table of Contents 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual  Page xi 
October 2008 

Figure AR.13.1.  Biofiltration swale: plan view. .................................................................... 6-120 

Figure AR.13.2.  Biofiltration swale: cross section. ............................................................... 6-121 

Figure AR.13.3.  Biofiltration swale: underdrain detail. ........................................................ 6-124 

Figure AR.13.4.  Biofiltration swale: low-flow drain detail. .................................................. 6-125 

Figure AR.13.5.  Geometric elements of common cross sections. ......................................... 6-127 

Figure AR.13.6.  Open channel flow parameter, Qn/(1.49 s0.5), versus bottom width (b) at 
different flow depths (z=3). ........................................................................ 6-128 

Figure AR.13.7.  Open channel flow parameter, Qn/(1.49 s0.5), versus bottom width (b) at 
different flow depths (z=4). ........................................................................ 6-129 

Figure AR.14.1.  Media filter drain: cross section. ................................................................. 6-139 

Figure AR.14.2.  Dual media filter drain: cross section.......................................................... 6-141 

Figure AR.14.3.  Media filter drain without underdrain trench. ............................................. 6-143 

Figure AR.15.1.  Linear sand filter with sediment chamber. .................................................. 6-154 

Figure AR.16.1.  Sand filter basin with flow spreader. .......................................................... 6-158 

Figure AR.16.2.  Sand filter basin with flow spreader: detail and cross sections. .................. 6-159 

Figure AR.16.3.  System layout options for sand filters with detention BMPs. ..................... 6-163 

Figure AR.17.1.  Sand filter vault. .......................................................................................... 6-172 

Figure AR.17.2.  Sand filter vault: Cross sections. ................................................................. 6-173 

Figure AR.20.1.  Submerged gravel biofilter: plan and section.............................................. 6-185 

Figure AR.21.1.  Baffle-type (API) oil/water separator.......................................................... 6-194 

Figure AR.21.2.  Spill control separator. ................................................................................ 6-195 

Figure AR.21.3.  Turbulence factor plot. ................................................................................ 6-200 

Figure AR.22.1.  Coalescing plate separator. ......................................................................... 6-204 

Figure AR.23.1.  Wet vault. .................................................................................................... 6-212 

 
 





 

Acknowledgements 

Consultant Authors: 

Dave Felstul, Project Manager, Herrera Environmental Consultants  
Mark Ewbank, Principal in Charge, Herrera Environmental Consultants 
Mary Larkin, Lead Author for Hydrology and BMP Design Details, Herrera Environmental 
Consultants 

Members of the Wildlife Attractants Task Force: 

Ed Abbasi, WA Dept. of Ecology 
Peter Birch, WA Dept. Fish & Wildlife 
Brenda Buchanan, Sierra Club 
Jason Callahan, WA State House, Nat'l Resource, Parks & Ecology 
Michael Cheyne, WA Airport Management Assoc. 
Lynn Deardorff, FAA 
Brett Fish, Sierra Club 
John Grettenberger, US Fish & Wildlife Service 
Tom Hanson, WSDOT Research Office 
Carlos Herrera, Herrera Environmental Consultants, Inc. 
Eric Johnson, WA Public Ports Association 
Jerry Kilpatrick, WA Airport Management Assoc. 
DeeAnn Kirkpatrick, NOAA 
Elizabeth Leavitt, Port of Seattle 
Mike Linnell, US Dept. of Agriculture 
Mo McBroom, WA Environmental Council 
Cayla Morgan, FAA 
Heath Grant Packard, Audubon Society 
Dave Peeler, WA Dept. of Ecology 
Jeffrey Robb, Port of Port Angeles 
Richard Rodger, WA State Senate, Water, Energy & Environ.  
Laurence Schafer, US Dept. of Agriculture 
Melodie Selby, WA Dept. of Ecology 
John Shambaugh, WSDOT Aviation 
Thomas Sibley, NOAA 
John Sibold, WSDOT Aviation 
Kelly Simpson, WA State Senate, Transportation Committee 
Becky Stanley, Sierra Club 
Mike Stephens, WSDOT Environmental Services Office 
Sam Thompson, WA State Senate, Water, Energy & Environ.  
Suzie Tracy, WA Airport Management Assoc. 
Greg Wingard, Waste Action Project 
Bruce Wishart, People for Puget Sound 

lt    /06-03427-011 aviation stormwater design manual.doc 

Aviation Stormwater Design Manual Page xiii 
October 2008 



Table of Contents 

lt    /06-03427-011 aviation stormwater design manual.doc 

Page xiv Aviation Stormwater Design Manual 
October 2008 

Technical Advisory Committee: 

Peter Birch, Ph.D., Deputy Assistant Director – Habitat Program, WDFW 
Matt Breen, Manager, Construction Services, Spokane Airport 
Lynn Deardorff, Airport Certification Safety Inspector, FAA 
Bob Dolan, Snohomish County Airport 
Robert Duffner, Port of Seattle 
Elizabeth Leavitt, Manager of Aviation Environmental Programs, Port of Seattle 
Mark Maurer, Roadside and Site Development Manager, WSDOT  
Aaron Moldver, Port of Seattle 
Robb Parish, Pullman-Moscow Regional Airport 
Rob Putnam, Arlington Airport 
Jeff Robb, Airport/Marinas Manager, Port of Port Angeles 
Laurence Schafer, Wildlife Services, USDA 
Christopher May, Seattle Public Utilities – Urban Watersheds 

WSDOT: 

John Shambaugh, Senior Planner WSDOT Aviation 
Mike Stephens, P.E., Manager, Hazardous Materials and Solid Waste Program, WSDOT 
Rose Peralta, P.E., (formerly) Hydraulics Designer, WSDOT Hydraulics Branch 
Alex Nguyen, P.E., Hydraulics Designer, WSDOT Hydraulics Branch 
Glorilyn Maw, P.E., (formerly) Hydraulics Designer, WSDOT Hydraulics Branch 
James Morin, Eastern Washington Roadside Maintenance Manager, WSDOT 
Sandy Salisbury, Regional Liaison Landscape Architect, WSDOT 
Dick Gersib, WSDOT Environmental Services 
Steve Yach, ESO Compliance Branch, Environmental Performance and Permits, WSDOT 

Others: 

Paul Fendt, P.E., Senior Engineer, (formerly) Parametrix 
Jenna Friebel, Engineer, Parametrix 
David J. Kliewer, Spokane Area Manager, J-U-B Engineers, Inc. 


	Acknowledgements
	Executive Summary
	Chapter 1. Introduction
	1-1. Purpose of This Manual
	1-2. How to Use This Manual
	1-3. Basis for Manual Development
	1-3.1. Scope of Manual
	1-3.2. Airport Regulatory Issues
	1-3.3. Overview of Federal and State Regulations Related to Stormwater Management at Airports
	Federal Aviation Regulations
	Clean Water Act, Section 404 Permits: Permit for Discharge of Dredge or Fill Material
	Clean Water Act, Section 401 Water Quality Certifications
	Clean Water Act, Section 402: National Pollutant Discharge Elimination System Permit
	Washington Growth Management Act
	Underground Injection Control Regulation
	Sole Source Aquifer

	1-3.4. Relationship of this Manual to Other Stormwater Programs
	Minimum Requirements/Core Elements
	Other Manuals and Permit Documents



	Chapter 2. Airport Operations and Stormwater
	2-1. Airport Operation Zones and Restrictions
	2-1.1. Description of Airport Operation Zones and Guidelines
	Restrictions on Off-Airport Land
	Airspace Restrictions

	2-1.2. Stormwater Facility Restrictions

	2-2. General Airport Stormwater Considerations
	2-2.1. Safety and Emergency Access
	2-2.2. Maintenance
	2-2.3. Target Pollutants
	2-2.4. Community Planning


	Chapter 3. Stormwater and Wildlife Planning
	3-1. Identifying and Monitoring Species of Concern
	3-1.1. Wildlife Monitoring
	3-1.2. Wildlife of Concern
	Waterfowl
	Raptors
	Doves and Pigeons
	Cranes
	Herons
	Shorebirds
	Crows/Ravens
	Other Small Birds
	Deer
	Coyotes


	3-2. Site Planning and Layout Considerations
	3-2.1. Existing Habitat
	3-2.2. Low Impact Development
	3-2.3. Urban Encroachment

	3-3. General BMP Design Considerations
	3-3.1. Vegetation Considerations
	3-3.2. Structural Considerations
	3-3.3. Adaptive Management at Airports

	3-4. Adaptive Stormwater Facility Design
	3-4.1. Customizing the Design of Stormwater BMPs for Specific Species of Concern
	3-4.2. Adaptive Management of Open Water Areas
	Habitat Suitability Reduction
	Vegetation
	Waterfowl Disruption Fences

	Open Water Covers
	Floating Covers
	Floating Ball Covers

	Open Water Access Control
	Fencing
	Netting
	Overhead Wires
	Pond Liners




	Chapter 4. Best Management Practice (BMP) Selection Process
	4-1. Flow Control Requirements
	4-2. Treatment Targets
	4-3. Source Control BMPs
	4-4. Selection Process for Flow Control BMPs 
	4-4.1. Step 1:  Determine if Site Conditions are Appropriate for Dispersion and/or Infiltration
	4-4.2. Step 1A:  Select Infiltration/Dispersion BMP
	4-4.3. Step 2:  Identify Regional Facility
	4-4.4. Step 2A:  Determine Feasibility of Regional Facility
	4-4.5. Step 3:  Determine Feasibility of Detention Pond
	4-4.6. Step 4A:  Determine Feasibility of Detention Vault or Tank
	4-4.7. Step 4B:  Emerging Technologies
	4-4.8. Step 4C:  Consider Demonstrative Approach
	4-4.9. Step 5:  Implement Selected Flow Control BMPs

	4-5. Selection Process for Runoff Treatment BMPs
	4-5.1. Step 1:  Flow Control Result
	4-5.2. Step 1A:  Dispersion BMPs
	4-5.3. Step 1B:  Select Pretreatment BMPs
	4-5.4. Step 1C:  Infiltration BMPs
	4-5.5. Step 2:  Receiving Waters
	4-5.6. Step 3:  Determine Whether Oil Control is Needed
	4-5.7. Step 3A:  Oil Control BMPs
	4-5.8. Step 4:  Determine Whether Phosphorus Control is Needed
	4-5.9. Step 4A:  Phosphorus Control BMPs
	4-5.10. Step 5:  Determine Whether Enhanced Treatment is Needed
	4-5.11. Step 5A:  Enhanced Treatment BMPs
	4-5.12. Step 6:  Basic Treatment BMPs
	4-5.13. Step 7:  Underground Facilities
	4-5.14. Step 8:  Emerging Technologies
	4-5.15. Step 9:  Consider Demonstrative Approach
	4-5.16. Step 10:  Implement Selected Runoff Treatment BMPs


	Chapter 5. Hydrologic Considerations for Airports
	5-1. Airport-specific Hydrologic Design Considerations
	5-2. Methods of Analysis
	5-2.1. Western Washington
	Runoff Treatment and Flow Control BMPs Other Than Wet Pool Treatment Facilities
	Wet Pool Facilities

	5-2.2. Eastern Washington
	Runoff Treatment Facilities
	Flow Control Facilities
	Eastern Washington Design Storm Events


	5-3. Infiltration Design Guidance
	5-3.1. Site Suitability Criteria (SSC)
	SSC 1 – Setback Requirements
	SSC 2 – Groundwater Protection Areas
	SSC 3 – High Vehicle Traffic Areas
	SSC 4 – Soil Infiltration Rate
	Drawdown Time

	SSC 5 – Depth to Bedrock, Water Table, or Impermeable Layer
	SSC 6 – Soil Physical and Chemical Suitability for Treatment
	SSC 7 – Seepage Analysis and Control
	SSC 8 – Cold Climate and Impact of Deicers
	SSC 9 – Verification Testing of the Completed Facility

	5-3.2. Simplified Approach to Determining Infiltration Rates (Western Washington)
	5-3.3. Detailed Approach to Determining Infiltration Rates (Western Washington)
	5-3.4. Design Infiltration Rate Determination (Eastern Washington)

	5-4. General BMP Design Guidelines
	5-4.1. Infiltration Facilities
	Design Criteria – Sizing Facilities (Western Washington)
	Additional Design Criteria 
	Design Criteria – Sizing Facilities (Eastern Washington)
	Step 1.  Develop Trial Geometry
	Step 2.  Develop Stage-Discharge Relationship for Facility
	Step 3.  Level Pool Routing 
	Example
	Stage-Discharge


	Construction Criteria 
	Maintenance Criteria
	Verification of Performance

	5-4.2. Design of Compost-Amended Vegetated Filter Strips
	Determining Infiltration Rates for Soil Amendment BMPs
	Compost-Amended Engineered Soil Mix
	Test 1
	Test 2
	Soil Specification


	Design Procedure for Compost-Amended Vegetated Filter Strips (CAVFS) for Western Washington

	5-4.3. Design Procedures for Volume-Based Runoff Treatment BMPs 


	Chapter 6. Stormwater BMP Design, Operations and Maintenance
	6-1. BMPs for Stormwater Source Control
	6-2. BMP Design Criteria
	AR.01 – Natural Dispersion
	Introduction
	General Description
	Applications and Limitations
	Applications
	Limitations


	Site Design Elements
	Siting Criteria
	Sizing Criteria
	Sheet Flow
	Channelized Flow

	Pipe or Ditch Conveyance System
	Setback Requirements
	Signage
	Construction Considerations
	Maintenance Considerations


	6-2.2. AR.02 – Engineered Dispersion
	Introduction
	General Description
	Applications and Limitations
	Applications
	Limitations


	Design Flow Elements
	Flows to Be Dispersed

	Structural Design Considerations
	Geometry
	Materials

	Site Design Elements
	Siting Criteria
	Sizing Criteria
	Sheet Flow
	Channelized Flow

	Pipe or Ditch Conveyance System
	Setback Requirements
	Signage
	Construction Considerations
	Maintenance Considerations


	AR.03 – Bioinfiltration Pond (Eastern Washington Only)
	Introduction
	General Description
	Applications and Limitations
	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Treated

	Structural Design Considerations
	Geometry

	Site Design Elements
	Groundwater Issues

	Site Design Elements
	Infiltration Rates
	Landscaping (Planting Considerations)
	Materials
	Pond Excavation
	Setback Requirements
	Access Requirements


	6-2.4. AR.04 – Infiltration Pond
	Introduction
	General Description
	Applications and Limitations
	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Infiltrated
	Outlet Control Structure
	Infiltration Design Guidance
	Flow Splitters
	Emergency Overflow Spillway

	Structural Design Considerations
	Geometry
	Eastern Washington

	Embankments
	Liners

	Groundwater Issues
	Runoff Treatment
	Site Design Elements
	Setback Requirements
	Landscaping (Planting Considerations)
	Fencing
	Signage
	Maintenance Access Roads (Access Requirements)
	Operation and Maintenance


	6-2.5. AR.05 – Infiltration Trench
	Introduction
	General Description
	Applications and Limitations
	Site Suitability Criteria

	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Infiltrated
	Overflow or Bypass
	Outlet Control Structure
	Flow Splitters

	Structural Design Considerations
	Geometry
	Materials
	Backfill Material
	Geotextile Fabric Liner

	Observation Well

	Groundwater Issues
	Site Design Elements
	Setback Requirements
	Planting Considerations
	Access Requirements
	Construction Criteria
	Trench Preparation
	Stone Aggregate Placement and Compaction
	Separation of Aggregate from Surrounding Soil
	Overlapping and Covering
	Voids Behind Geotextile
	Unstable Excavation Sites

	Operation and Maintenance


	6-2.6. AR.06 – Infiltration Vault
	Introduction
	General Description
	Applications and Limitations
	Site Suitability Criteria

	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Infiltrated
	Outlet Control Structure
	Overflow or Bypass
	Flow Splitters

	Structural Design Considerations
	Materials

	Groundwater Issues
	Maintenance Access Roads (Access Requirements)
	Construction Criteria
	Operation and Maintenance


	6-2.7. AR.07 – Drywell
	Introduction
	General Description
	Applications and Limitations
	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Infiltrated
	Overflow or Bypass

	Structural Design Considerations
	Geometry

	Groundwater Issues
	Vadose Zone Requirements

	Site Design Elements
	Setback Requirements
	Signage


	6-2.8. AR.08 – Permeable Pavement Surfaces
	Introduction
	General Description
	Applications and Limitations
	Applications
	Limitations


	General Design Criteria
	Design Flow Elements
	Flows to Be Infiltrated

	Facility Design Considerations
	Geometry
	Maintenance Considerations
	Materials
	Surface Layer
	Portland Cement-Based Pervious Pavement Materials
	Asphalt-Based Pervious Pavement Materials
	Paving and Lattice Stone
	Geo-Cell (PVC Containment Cell)

	Base Layer
	Separation Layer
	Subgrade Soil

	Liners
	Cost


	6-2.9. AR.09 – Detention Pond
	Introduction
	General Description
	Airport Specific Design Considerations

	Design Flow Elements
	Pretreatment
	Flows to Be Detained
	Detention Ponds in Infiltrative Soils

	Standing Water Duration
	Flow Spreader
	Overflow or Bypass
	Outlet Control Structure
	Multiple Orifice Restrictor
	Riser and Weir Restrictor

	Emergency Overflow Spillway

	Structural Design Considerations
	Geometry
	Berms, Baffles, and Slopes
	Embankments
	Dam Safety for Detention BMPs

	Wildlife Deterrents

	Groundwater Issues
	Identification and Avoidance
	Seeps and Springs

	Site Design Elements
	Setback Requirements
	Landscaping (Planting Considerations)
	Fencing
	Signage
	General Maintenance Requirements


	AR.10 – Detention Vault
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Flows to Be Detained
	Overflow or Bypass
	Outlet Control Structure

	Structural Design Considerations
	Geometry
	Materials

	Groundwater Issues
	Site Design Elements
	Setback Requirements
	General Maintenance Requirements


	6-2.11. AR.11 – Detention Tank
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Flows to Be Detained
	Overflow or Bypass
	Outlet Control Structure

	Structural Design Considerations
	Geometry
	Materials

	Groundwater Issues
	Site Design Elements
	Setback Requirements
	General Maintenance Requirements


	6-2.12. AR.12 – Vegetated Filter Strip
	Introduction
	General Description
	Airport Specific Design Considerations
	Applications
	Limitations


	Design Flow Elements
	Flows to Be Treated

	Structural Design Considerations
	Geometry
	Design Criteria and Specifications
	Drainage Area Limitations
	Vegetated Filter Strip Geometry
	Water Depth and Velocity
	Maintain Sheet Flow Conditions


	Vegetated Filter Strip (Eastern and Western Washington Basic Vegetated Filter Strip, and Eastern Washington CAVFS)
	Design Method

	Narrow Area Vegetated Filter Strip
	Materials
	Vegetation
	Soil Amendments
	Vegetation


	Site Design Elements
	Maintenance Access Roads (Access Requirements)
	Other Maintenance Considerations



	6-2.13. AR.13 – Biofiltration Swale
	Introduction
	General Description

	Design Flow Elements
	Flows to Be Treated

	Structural Design Considerations
	Geometry
	Sizing Procedure
	Preliminary Steps (P)
	Design Steps (D)
	Freeboard Check (FC)

	Sizing Procedure
	Preliminary Steps (P)
	Design Steps (D)



	Site Design Elements
	Landscaping (Planting Considerations)
	Construction Criteria


	6-2.14. AR.14 – Media Filter Drain (previously referred to as the Ecology Embankment)
	Introduction
	General Description
	Functional Description
	Applications and Limitations
	Applications
	Media Filter Drains
	Dual Media Filter Drains 

	Limitations
	Media Filter Drains
	Dual Media Filter Drains



	Design Flow Elements
	Flows to Be Treated

	Structural Design Considerations
	Geometry
	Components
	No-Vegetation Zone
	Grass Strip
	Media Filter Drain Mix Bed
	Structural Reinforcement
	Conveyance System Below Media Filter Drain Mix

	Sizing Criteria
	Width
	Length
	Cross Section
	Inflow
	MFD Mix Bed Sizing Procedure


	Materials
	Gravel Backfill for Drains, Underdrain Pipe, and Construction Geotextile for Underground Drainage
	MFD Mix
	Crushed Surfacing Base Course (CSBC)


	Site Design Elements
	Landscaping (Planting Considerations)
	Operations and Maintenance
	Maintenance will consist of routine embankment management.  While herbicides will not be applied directly over the media filter drain, it may be necessary to periodically control noxious weeds with herbicides in areas around the media filter drain.  The use of pesticides is prohibited if the media filter drain is in a critical aquifer recharge area for drinking water supplies.  Areas of the media filter drain that show signs of physical damage shall be replaced by airport maintenance staff.

	Signing


	6-2.15. AR.15 – Linear Sand Filter
	Introduction
	General Description
	Applications and Limitations
	Presettling/Pretreatment

	Design Flow Elements
	Flows to Be Treated
	Flow Spreaders
	Emergency Overflow Spillway

	Structural Design Considerations
	Geometry
	Materials

	Site Design Elements
	Setback Requirements
	Maintenance Access Roads (Access Requirements)


	6-2.16. AR.16 – Sand Filter Basin
	Introduction
	General Description
	Applications and Limitations
	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Treated
	Overflow or Bypass
	Location of Sand Filter with Respect to Detention Facilities and Conveyance Systems
	Flow Splitters
	Flow Spreaders
	Emergency Overflow Spillway
	Drawdown Time

	Structural Design Considerations
	Geometry
	Simple Sizing Method (for Eastern Washington)

	Example Calculation
	Design Specifications
	Continuous Runoff Model Sizing Method (for Western Washington)

	Underdrains
	Materials
	Berms, Baffles, and Slopes
	Liners

	Site Design Elements
	Setback Requirements
	Landscaping (Planting Considerations)
	Maintenance Access Roads (Access Requirements)


	6-2.17. AR.17 – Sand Filter Vault
	Introduction
	General Description
	Applications and Limitations
	Presettling and/or Pretreatment

	Design Flow Elements
	Flows to Be Treated
	Overflow or Bypass
	Flow Splitters
	Flow Spreaders

	Structural Design Considerations
	Geometry
	Materials
	Berms, Baffles, and Slopes

	Site Design Elements
	Setback Requirements
	Maintenance Access Roads (Access Requirements)


	6-2.18. AR.18 – Amended Sand Filters
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Structural Design Considerations
	Materials
	Steel Wool
	Enhanced (Metals) Treatment – Coarse Compost and Granular Calcitic Limestone Amendment
	Phosphorus Treatment



	6-2.19. AR.19 – Media Filters
	Introduction
	General Description


	6-2.20. AR.20 – Submerged Gravel Biofilter
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Flows to Be Treated
	Bypass

	Structural Design Considerations
	General Design Criteria and Sizing
	Design Criteria – Inlet and Outlet Zones
	Design Criteria – Treatment Bed
	Treatment Bed Sizing Procedure
	Example Calculation

	Inlet Flow Spreader
	Outlet Collector and Control Structure
	Materials
	Berms, Baffles, and Slopes
	Liners

	Site Design Elements
	Setback Requirements
	Landscaping (Planting Considerations)
	Maintenance Access Roads (Access Requirements)


	AR.21 – Baffle-Type (API) Oil/Water Separator
	Introduction
	General Description
	Applications and Limitations
	Presettling/Pretreatment

	Design Flow Elements
	Flows to Be Treated
	Flow Splitters

	Structural Design Considerations
	Geometry
	Forebay/Afterbay
	Separator Bay

	Materials
	Berms, Baffles, and Slopes

	Site Design Elements
	Setback Requirements
	Maintenance Access Roads (Access Requirements)
	Operation and Maintenance


	6-2.22. AR.22 – Coalescing Plate Oil/Water Separator
	Introduction
	General Description
	Applications and Limitations
	Presettling/Pretreatment

	Design Flow Elements
	Flows to Be Treated
	Flow Splitters

	Structural Design Considerations
	Geometry
	Forebay/Afterbay
	Separator Bay

	Materials
	Berms, Baffles, and Slopes

	Site Design Elements
	Setback Requirements
	Maintenance Access Roads (Access Requirements)
	Operation and Maintenance


	6-2.23. AR.23 – Wet Vault
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Flows to Be Treated
	Outlet Control Structure
	Overflow or Bypass

	Structural Design Considerations
	Geometry
	Sizing Procedure

	Materials
	Berms, Baffles, and Slopes

	Site Design Elements
	Setback Requirements
	General Maintenance Requirements 


	6-2.24. AR.24 – Combined Wet/Detention Vault
	Introduction
	General Description
	Applications and Limitations

	Design Flow Elements
	Flows to Be Treated
	Overflow or Bypass
	Outlet Control Structure

	Structural Design Considerations
	Geometry
	Materials
	Berms, Baffles, and Slopes

	Groundwater Issues
	Site Design Elements
	Setback Requirements
	Right of Way
	General Maintenance Requirements


	6-2.25. AR.25 – Treatment Train Approach
	Vegetated Filter Strip (AR.12) / Linear Sand Filter (AR.15)
	Introduction
	General Description


	Biofiltration Swale (AR.13) / Linear Sand Filter (AR.15)
	Introduction
	General Description




	6-3. Operations and Maintenance

	References
	Glossary of Terms
	Appendix A – Vegetation Recommendations for AirportSettings
	Appendix B – Detention and Infiltration Pond DesignAnalyses–Technical Documentation (Parametrix TechnicalMemorandum)



